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SUnARY

The performaonce of a 22-inch-dlauveter puise-jet ergir using B
a set of low-lose medified air valves was deternined in 4 rueh-
stand tests at rem pressures equivalent to simmlated I1lig t speeds :
of U to 330 miles psr hour and for a range of fuel-zir 1o ios at B
each simualated fligiit speed. be results ol these ilests re com-

pared with tests of the standard pulse-jot engine.

in genercl, the modified engine showed an imprcvement in ver-
formance only at low simulated Tilight speeds. The predic ed flight
thrust at high simulated flight speeds was slightly lower than that
for the standard engine, and the gpecific fuel consumptic was
higher. TFrom the resulbts of thess tests, 1t aprears that only a .
negligible change in the over-z1l performance of the engl 3 can he
exnected from low-lcss valves.

IWTRCDUCTION

At the request of the Bureau of feronauntics, Navy Dep rtment,
and the Air Materiel Comuend, Army Air Forces, the NiCA h: ; under-
talen a study of methods of increasing the rowrr and the « ficlency
of the pulse-jJet engine. The nonreturn air valves in the nzine
have been found to have relatively high losses end it was herefore
decidsd to investigate the pocsibllities of a low-louz &l o to
improve the performance of this engine. VYolves with reduc d 1
as compared with the standard valves should permit tihe fl: r of
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magees of charge air, which wowld rsoult in higher coructbicon-~-charker
Ceng t es at the starlt of conmbustion aud hisler peal combosiion nres-
grree. The higuer peelr pressures spnovld 1w2ult in an incresse in

bcth the pewer and the efficlency of the ongine. (Sce refereuce 1.)

pes of ailr velve wao condncted in
tice of a midse- or irtsrmlttent

An anrectigallon of varions
oo

an opoeretus trat fested a o 2
Jet enine valve : rence 2) and o low-lcss valve wao 1ovaloTe A
thot could be substiv Ter the standard valve witheout further ¢1ior-

ation to the <neine.

The pericimancs of a Z2-inch-dlrmetern Du_“e-j@* engine with the
low-leoos medified alr valven wag Jotermined by thrust-stund teests at
the NACA Cleveland laboretory 1o Mry 1045, The results of the te-ta
at gimulated flight velcocilies vﬁw’iny frop O to 330 miles per hour
end a roise of fuel Tlows are comnured wi the teots of the standard
engine revcrted in reference 3.

DESCRITPLTON O LUW-LoSE NMoDIFITD VALVE

direct spplication to the

alve ars ghown in {igure 1.

28 of VLlue erring steel factened
tonether by vivets. Th ; \ G.006 inch thick and the velve
body is ©0.015 inch thic The 0.006-4nch spring is go preformed that
the valve in the normal pcs tion fits the contour of the grid. Becaus
the valve spring and body are lopned with the spring beneuth, a 3ep
0.006 inch high exlsts initially betwsen the velve and the grid cen-
tour in the cloced position. This gan i decreased by operaticn

because Hhe 0.006-inch spring meterinl cuts into *he soft aluminum-
alloy grid, thereby reducing any leak i ze. The genersl Aimensions

of the modified valve are the same as the ctendard velve and the
nedified velve cazn be insts 7ind without alteravion to the ""1d or the
support vlates. The natural frequency of ths storndard velve io
approximately 125 cyciss ver s:coni; wherena that of the mod Iiuﬁ

valve 1s 55 cyeles per cscond.

The low-lcass modl
Pulse-jeb enzine grid
The modified valve con

TFST PROCEDURT

The standard valves in & xrid cssembly were revlaced by a sob
of the modifiled valves and the modifisd ~Tid wog mounted in a stand-
ard engine zhell. Detuils of the thim.st-stend inctallation of the
puwlse-jet engine and the tssting nrocedure are Tully deccribed in
relerence 3.
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For normal ogo“ﬂtion the nnpwne wae staried by maint
goge pregsure of 0 lucoes or woter in the surzge tzug b
the enpine and turrirng on She fuel and the spsrk. In the
four runs listed ir tavnle T, stariinog was atiempted with
tonx pressures decreasing from 20 to 10 inches of water.
cage ahove a stortiag pressure of 10 incues of water, th
Vas ess sheady. In the regt or the tests mmin vy
witii & pressure of 10 inches of watlcr, the unit cycled st

TIL3T RESULTS

In orlder to provide a direct compariscn, the recults
nodified engine teats are plotted with the performarce o
the standord uvnit tolen from the deta in refercuce 3.

_________ seight flow. - The pulee-Jebt engine wi
modlilod leJC‘ Sian firet tested with & steady {low
Preceure in the large =urge tanik upnetroom of the engd
and the corresnoending flow through the unit was me
orifice upstre=m of the surge trnit. The curves of
Tlow with upsireszm surge-tank prescure for the stondard
engines are showl in figure €. For the some upstreom pre
mcdified wnlt permitted a flow of about 4.5 ponnds of aix
nore thon the stenderd unit.

The variation in combustion-air weight flow with fuel

during actual cperation for sever:l simuleted Tlight svec
in figure 3. At lean Tuel-air votics, the air fleow for ¢t
unit was greater than that of the standard engine but ap:
thet of the standaid engine at high fuel-air ratios.

Flight thrust. - Predicted flight thrust is shown in
as a function of fuel-air ratio for several simuluited 13
The stotic thrust is approximetely 14 percent greater for
:ngzine then for the stondard engine. At low flight speed
fied valves would permit engine operaticn at lower fuel-=z
than the standard valves. At a gpeed of 190 nileo p=r ho
tarust appeared to be spproximately ths seme in eithsr en
speeds of 280 and 340 miles per hour znd a, fuel-air ratic
the thrust of the modified engine was slightly lowcr than
the standard engine.

Mexdimum combustion-chamber pregsure. - Pealr combustic:
Pressure ag a function of fucl-anir ratio for a range of
flight speeds ic shown in Tigure 5. Data nb speeds of O
per hour for the standard engine vere not available “or ¢
The peak pressure ¢f the modified engine appeared to bs s
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than that for the standard cryine ot gspoeds of 270 and 340 miles ner
howr and at 2 fue aj* rotic of 0070, 4 comparioin of the nlnte of
penll pressure a;ﬂ thrast for ths test voeints of the modilisd enwine
indlcated that these nars Pf‘rq varied 1o o sinilar menuer with fuel-
alr ratis =and Tlight spee?. Altheurh the rcak n;;srurﬁ fer

fied uvniv apnoared to Le so#n.swhzvst nuislier Umn that for the

)
umit; the {liavt thrust ot high spereds wag lcwer. Tnis 7nonuly mﬂy
rave boen doe to s errceg 1n exch get of mesgwoents that did not
compensate euch othier.

Specific fu nl L conmmiotion. - The power specific fusl cenoumphicn
and thrust sreciiic Ingl comgimbticn are chown in figrre 6. The power
speciric fuel consanpblon fap Aitied enzine was rouvghly the savo
ag for the standard encine at Jated light speed oi 1C0 miios
per hour at rumel-air rotics ~bor C tut becams greater at the
higher gpeeds. The Shiust or et covownption {or the modified
engine was lower than the% o sndord engine av a simuladed
flight speed of 0 miles »or hany, approxunately thne crme atv 190 miles
rer hour, and greater ob the lLigher spscda of 270 cnd 340 miles per
hour.

Pressure cycls. - No change in cycle freguenc, was notod with
the change in volves. hotographs of the pressurc cycle arc shown
in figure 7 for seversl gimnlated ilisht cueeds and fuel-air ratics.
Photogravhs of the pressure cycle Toir the standzrd eng‘ne are given
in reference 3. In gencrol, the shape of the cycle was the oic ior
both engines and no differsnce could be roted in the tine requirad
for various cycle events. such asz induction of air,; pressurs rico,
and expangion.

Valve life. - The life of the modificd valves was considerably
shorter than the life of the standerd velveg. After test run O
(teble I), the valve grid asscmbly woo removed and oxamired. Two
valvey had sepnrated, with the C.0l5-inch vieces flyine out the rear.

. i , i
Aprroximately 7 percent of the valves were repiaced wfter GE minutes

of opcration because they appeared wbout to split or frey. The englins

=

S

with the ronaired grid was ran Tor an addibional 4 minvtes at the
A &

>

hirh simulated flight soeeds and the grié was agrin removed. One
valve hal scpairated and 50 ovorcent o7 the valves were in veriovs
stoges of fraying, ranging from incinient froying t~ the locs of as
mich ae hall of the volve bedy . Photographs of the grid attsr the
high-flight-e2eed runs are chewn in firmare 8. The valve deteriora-
tlon apgears to bo greater at n¢~h gimnle bed flight cpeeds then ot
Ne lov flight spreds. With o diiforent thickness 8, vith a differ-nt
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pody material tlhan spring steel, or with the Jupach obeoi”
subzhance 1ife of the modirled valive
5ibly be .
DICCUSETION ¢ RESJLDS

Ou the nerformonde cvrves it can be sce o of -
of tre low-?oﬁs v oyre vos to reduce the eilect of fuel-ail.
the v riad cawbuotivo~-air weight flow, tnrust
and thrust conumdtions; that 1lg, the serle:
Cor the rodified are Tlaozter then those for tire st

In general, on Jmproverent in power and thrust s»ecif

congimpiiong with ifw—’”sp volves ceems peeaible at Low 17
ities put, at hizher velocities. tils improvement so dimi. |
the over-21l1l effcct on tho verformance 18 negliszgible.

The total air flow talten into the cngine in one oycle
divided into thres parts.  that ftalten in during the worio:
the valve i1z opening, that token in while the valve is fu
and that entering while the valve 1g clowing. The loss L
nreggure occurring In any of thcee pericds MLlT be a Tunc

Tlow losses

ure
nagy flow entering during thet 1@flpd and tho

f The total logg for the intalre por tiun ot
cum of the threc individual logscs.

the
then, the

The flow loss in a valve of the type used in the pula

engine, agide from that resulting ifrom tae grid-support ot
is a function of the valve pogition, which alfects ithe oo
of the Tluid Jet throush the valve. TFor twa siuilar valv

ag the standard and modifiled valves, operating under iden:
tlong, the total less for the period during which the val:
is proportional to the time required Tor opening. Because
fied valve io less gtiff and therefore opens more quickly.
for this valve should be smaller in the cpening pericd.

For the period in which the valve ig fully opcn, the i
in the two valves stould be the sane. A visual inspectic:
slde of the valve exposed to the combustion chamber Indic:
both valves opened fully and hit the uprer support plate.

In the last portion of the intake cycle, becauge ths -
very rvapidly evidenced by the froying) and the preze:

=0
(uu

ccmbustvion chamber 1g rizing, the sir entering may be asm
orly @ very omall p*r«enﬂggc oT the total air intuhc. Cor

the lorg occurring durirng thio perled may be negleciid.
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At low flight spoeds, tle w%l"eq do not open un
chamber pressure hac falilern below Lne free-ptroam gistl S
whereas at high fiight speeds, *h“ valves will opea when the vo*rbtstlcn-
chamber pressuce falls below ram p“(puur . The valves will therefore
open earlicr in the cycle at hish spe=dy, a3 coupared with ths cycle
at lcw specde. The tiae reculred e o; 1 the vaive at higa flight
speeds will o a sialler percentoge ol tae total time for air intake
and a smaller percentage of the Toual mass flow euters while the valve
is opening. Tnasmuch as the effect of a low-loss valve I1s noted onliy
during the period wien the valve is openlng; the over-all effect of
reduced losses In this period becoies smaller ag the flight velocity
is 1ncreased.

CONCLUDTNG RIMARIS 4

Comparison of the performaace of a 2Z-1inck- ‘ianecer pulzne-jet engine
with standeard velives ard with moed!fied low-logs valves at ram pressures
equivalent to flight velocities of ¢ to 330 1Loq per hour and for a
range of fuel-zir ratiog ai erch cirudated flight spesd chows that the
modification resulted in culy a negligiblie change in the over-all per-
forrmance of the evnsine. Q(Qual 1tqw'qu", the chanues were as fOLlOWS
for the various performance paraievers: Predicted flight thrust was
higher for the modified engine than for the chanderd engine st low
speals and elightly lowvsr at high speeds. Combustlion-zir wsignt flow
and peak combustlon-charler Tressures were gonerally sslighitly higher
for the modified unit. The power and ithe thrust sp@cif*: fuel consurpticns
wrre higher for the modilied unit, except at low velocities. The life

[ the nodified valve was cconsiderably shorter than taat of the stundard

valve.

o

O

Alrcraft Engine Research ILaboratory,
National Adviscry Committee tor Aeronautics,
Cleveland, Ohio.
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INCHES

la) Photographs of standard valvé (left}) and low-loss

modified valve (right}.
NACA
C- 14743
4-16-48
: 0.006" blue
Rivetg // spring steel
0.010" blue spring ¢4¢4”=?”’1£:::-::Tf|t contour
of grill
steel

0.015" blue spring steel

(b) Sketches of cross section of standard valve ( left) and
low-loss modified valve {right).

Figure 1. — Photographs and sketches of standard valve
and low—loss modified valve for 22-inch-diameter pulse-

jet engine,

4LT-T
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NACA MR No. E6EID
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miles per hour; fuel-air
ratio, 0.082.
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h
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Figure 7. - Photographs of oscilloscope trace of pressu e z
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Atmospheric -

10.6 Ib/sq in_Mel. A3

Simulated flight speec¢d, 190
fuel-air

miles per hour;
ratio, 0.069.

Simulated flight speed, 330

miles per hour; fuel-1ir

ratio, 0.069. NACA
C- 14742
4-16-46

cycle for puise—jet engine with modified valves.
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